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X,-Ribofurane>*yl Hucl«o«id«» 

Ii * laj,iJ ^^ to wibofuranosyl nudeosides -a 
intermediate or prep „»Uon. pharmaceutical 

treat variou S diseases, particularly cancer, in mammals. 

.. ^rrmnd Si thr iSXMBtiBD 903-945 

rw^-s-'reucea Co nature-occur ring^.os ^ 

v v, • distinguished depending on the base, tor examp 
Ino guanine (A and 3. respectively) have a purine bas. whereas 
cytokine, uracil, thymine and hypoxanthme (C. U. T and H. 
respectively) have a pyrimidine base. 

N mt al J erg rhPrr,. . 32. 251-252 (1967). describe 
IT^i- ^rtt^^anosyl nucleosides (particularly 
9- (2 1 -Deoxy-p-D-ribopyranosyl) adenosine) . 

certain ribopyranosyl nucleosides. 

Ba „d, H.V.. et al.. Trrnhfi™ littO. Vol. 31. No. 31. PP. ««3- 
4440 (1990). describes the synthesis of certain 2 - 
d.=l ibonucleoside cc^ounds starting from available 
deo^ribofuranosyl or pyranosyl, . The compounds described in this 
paper are all D-isomers. 

spadari , ... et .1. 1 —d riH... 35. PP. .314-4220 ,1992,, 
describes certain ^-nucleosides useful for treating viral 
infections including Herpes Simples Virus Type I. 
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Holy, A., Nnrlgic Arid Phemistrv. Vol. 1, 347-353 (1978), describes 
the synthesis of 2 ' -deoxy-L-uridine . 

WO 92/08727 describes certain 2 ' -L-desoxyuridines and their use for 
treating viruses. 

As is well known, sugars found in natural nucleic acids are D-ribose 
and D-deoxyribose in almost all cases. Much research has been done 
to investigate the chemical and biological activities of the D- 
isomers of ribonucleotides and ribonucleosides , however, far less 
work has been done with the L-isomers. This is primarily due to the 
fact that the synthesis of the L-isomers is much more difficult, 
often involving the optical resolution of the D, L-isomers of 
nucleosides with the aid of microorganisms and enzymes. (See 
generally, Asai, M. , et al . , Chftffl. Phann, Bull-. 15(12), 1863-1870 
(1967).) The known activity of D-nucleoside compounds, and the 
successful commercialization of several of such D-sugar-nucleoside 
compounds, (see Perigaud. C, et al . , supra, for a discussion of D- 
nucleoside analogs which have gained commercial acceptance) led in- 
part to the present work relating to the L-isomers of certain 
nucleoside analogs. 

Perhaps the best known commercial nucleobase analog is 5- 
fluorouracil (5-FU) the structure of which is shown below: 



5-FU is commercially available from Roche and is one of the most 
commonly used drugs for treating certain types of cancer. The high 
acceptance of this drug is due in part to its extreme cytotoxic 
effects. However, it also has a narrow margin of safety and is, 
therefore, associated with many serious side effects including, for 
example, nausea, vomiting, diarrhea, alopecia, leukopenia, 
thrombocytopenia, etc. Additionally. 5-FU is primarily used in an 
intravenous formulation . 




O 
(5-FU) 
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5-FU is currently dosed at short intervals due to the damage it does 
to normal cells. The. patient is taken off chemotherapy for a time 
to allow recovery from the cytotoxic effects of the treatment. It 
is contemplated that if a drug is developed that is less cytotoxic 
to healthy cells it would no longer be necessary to treat the 
patient in periodic intervals, which may be associated with the 
development of multiple drug resistance often exhibited in treated 
cancer cells. Specifically, as a tumor is being killed the cells 
that are most resistant to the drug die slower and. therefore, when 
the treatment is stopped (often because of the toxicity to normal 
cells) the more resistant tumor cells are left to multiply. 

A significant commercial nucleoside analog is azidothymidine (AZT) . 
commercially available as Retrovir from Burroughs Wellcome. A2T, a 
p-D-deoxy-ribofuranosyl derivative of the formula: 



JL/CH3 



^/ 

N 3 

(AZT) 

is useful as an antiviral agent, particularly against the virus 
responsible for the Acquired Immune Deficiency Syndrome (AIDS) . 

This compound, like 5-FU. is associated with a number of undesirable 
side effects including hematologic toxicity such as granulocytopenia 
and/or severe anemia. 

Without intending to be limited, applicants believe that the L- 
nucleoside compounds as claimed in the present invention may be 
beneficial over compounds such as 5-FU and AZT since it is believed 
that L-nucleosides (as claimed) exhibit selective permeability to 
compromised cells. By compromised cells we mean cells such as 
cancer cells or other infected cells, whether the infection is 
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bacterial, fungal, viral or parasitic. It is believed that the L- 
nucleosides of the present invention may be transported into or 
permeate these compromised cells, whereas in normal cells the L- 
nucleosides would not permeate. (See for example, Lin, T.S., et 
al., Abstract entitled "Synthesis and Biological Evaluation of 
2 • , 3 ' -Dideoxy-L-Pyrimidine Nucleosides as Potential Antiviral Agents 
against HIV and HBV7 published J. Med. Chem. . 21 (1994) 798-803; and 
Spadari, S., et al . , -v MfifiL Chan.. 21 (1992) 4214-4220.) 
Therefore, to the extent these L-nucleosides are selective for 
compromised cells, they are less harmful to normal cells than 
compounds like 5-FU. 

In addition to this concept of selective permeability, in viral- 
infected cells where therapeutic compounds often have an inhibitory J 
mechanism related to the PNA of the cell, it is contemplated that 
the enzymes of such viral-infected cells may be less specific than 
in a normal cell and, therefore, if you can permeate the cell with 
an L-nucleoside, a more primitive enzyme such as an organic 
phosphorylases , kinases or thymidilate synthase may recognize the 
compound in such a way as to cause inhibition. 

Therefore, although certain nucleoside analogs and/or nucleobase 
analogs have been commercialized for indications such as cancer 
and/ or AIDs treatment, there is a need for a nucleoside analog which 
is perhaps as cytotoxic .as 5-FU or is less cytotoxic but more 
specific than 5-FU for cancer therapy and/or a compound which is 
more effective and/or better tolerated than AZT for treatment of 
viruses . 

The present invention relates to a novel group of such L- 
ribofuranosyl nucleosides which have interesting activity as 
anticancer, antiviral, antiparasitic, antifungal, antibacterial 
and/or antimicrobial agents. These compounds are generally water 
soluble, which suggests that oral deliver may be achieved, and the 
activity of these compounds may be more selective for compromised 
cells as compared to normal cells . 
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compounds having the formula (I): 




(D 



or a pharmaceutical^ acceptable salt thereof, wherexn. 
B is a naturally-occurring nucleobase (A. G C. O. 
hyp oxanthine or T) or a modified base comprxsxng one or more 
substitutions selected from the group consisting of h 
balogen. C1-C6 alkyl. C2-C6 alkenyl. C1-C6 alko^ C3-C6 
cvc-'oa^kyl-Cl-ce alkoxy. C3-CB cycloalkyloxy . C3-C6 
cy d alkylthio. C1-C6 alkylthio. a substituted ^ ^ » 
atyj aralkyl. aryloxy. aralkoxy. arylthio. aralkylthxo, a 
Heterocyclic ring and an amino group, provided that when h 
base ^s a pyridine, the atom at positxon 4 xn the base can 
be sulfur, ana that when the base is a purine, the atom at 
position 6 in the base may be sulfur; 

p <e K CO?.,, P<O r R.R- or S0 2 H (wherein R, is alkyl of 1-5 
carbon atoms or an aromatic ring structure. * and * are each 
H or alkyl of 1-5 carbon atoms and n is 2 or 3); 

r. and R, are independently B. halogen, mono- or di-diflurc. OR, 
or B (wherein R t is H. COR,. F(0)*A, (wherein R, xs H„ 
substituted or unsubstituted alkyl of 1-5 carbon atoms or ^ 
subst ituted or unsubstituted aromatic ring structure. R «d 
r.. are each H or alkyl of 1-5 carbon atoms and m xs 2 or 3)). 

c ;« nv R and B can combine to form a o- 
provided that when R : xs OK, R s ana o s, 

roeirbered cyclic ring structure; 

R, and R. are independently B, H or 0R i: (where » , i.JI. COR,. 
p',0) R «R i (wherein R, is substituted or unsubstxtuted alky, o. 
1-5 C a"b~ atoms or a substituted or unsubstituted aromatic 
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ring structure. R ;4 and R :s are each H or alkyl of C1-C5 carbon 
atoms and p is 2 or 3) ) , provided that: 

only one of R : -R« can be B; 

when R=H , R : =OH, R 2 =H, R 3 =H and R 4 =B, then B cannot be U, 
C, T, 5-FU, hypoxanthine. A. or G; 

when R=K , R : =OH, R 2 =OH, R 3 =B and R 4 =H, then B cannot be C; 

when R=H, R,=OH. R : =OH, R 3 =H and R 4 =B, then B cannot be 5- 
FU, C, U. A or hypoxanthine; 

when R=H , R : =OH, R.«H. R 3 =B and R 4 =H. then B cannot.be 5- _ 
FU, A, C, G, T, U or hypoxanthine; 

wher. R=K, R : =K. R s -H. R : =B and R 4 =H, then B cannot be A. C. 
G. 7. U. 5-FU, or hypoxanthine; and 

wher. R=H , R.=K. R : =H, R 3 =H and R 4 =B. then B cannot be A, C, 
G. T, U, 5-F*J cr hypoxanthine. 

Preferred compounds of the present invention include those compounds 
cf fcrr.uls Ci wherein: 

?. cr is B ar.d the other is H, such that when R 3 is B the 
series is a ana when R< is B, the series is 0; 

B is C, T, u, G, I, A, 5-fluorouracil, 6- thioguanine or 4- 
thicuracil ; 

R is H; and 

R.-R : are each H or OH. or when R ; is OH, R 2 and B combine to 
fonr. a f ive-membered cyclic ring. 

Specifically preferred compounds of the present invention are the 
following: «-L-ribofuranosyluracil ; 1- (2 , 3 , 5-tri-O-benzoyi-s-L- 
ribcfuranosyl)-4-thiouracil; a-L-ribofuranosyl-4-thiouracil ; l-(2,5- 
di-O-benzoyl-2-deoxy-p-L-ribofuranosyl) -4-thiouracil ; 2 ' -p-L- 
'decxyrib=furar.csyl-4-thiouracil: a-L-ribcfuranosyl-5-f luorouracil ; 
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j-L-ribofurenosyl suenine; M-ribof»reno.yl-6-thiosn»»i». and 
ph.m»ceuticelly ecceptable salts th.r.of . 

Al5 o provided by this invention are pr.cs.es for "?«.^" t '°" °* 

expounds of formula (I). phen.eo.utic.1 coipos^ons 
£ confounds of for-al. <!> and methods of usin, the cos* unds of 
formula Ill tor the tr..t»ent of cancer in . «— 1. « « 
methods of using the compounds of for*ul. (I) as ntlvsnll, 
"ti^sitics. .ntibacteriels. antifun,.ls end «tlm«eb«l „ents 

in a mammal . 



detent invention describes a series of L-ribofuranosyl 
nucleosides useful for treating various diseases 
L certain viruses) . Compounds of this inventaon may be orally 
active based en their water solubility. 

The compounds of this invention wherein the nucleoside has a 
pyrimidLe base (U. T, C or substituted pyridine base) whach >s 
linked to the ribof uranosyl sugar via B linkage (B is R, xn a 
compound of Formula (I)) can be made by the general Scheme 

SCHEME 1 

General procedure to make B-L-ribof uranosyl pyridines: 



.0. 



l.HMD»/ 




b ^\? BzB iAac +Base SdCU/CH3CN - — J \_ J 

BzO— \| ]/ 2 . NH>/MeOH Base 



To a mixture of l-0-.cetyl-2 ,3 , S-tri-O-benxoyl-P-L-nbofuranose (1 
mol) and pyrimidine base (1 mol) in anhydrous HeCN are successively 
added HMDS (1 mol). CISiMe, (0.8 mol) and SnCU (1.2 mol). The 
resulting clear solution is refluxed for 1 hour when TLC indicates 
completion of the reaction. The solvent is evaporated and the 
residue dissolved in EtOAc , washed with NaHCO, and H,0. The EtOAc 
layer is dried, filtered and evaporated to give the crude product, 
which is either crystallized or purified on a silica gel column to 
obtain the pure 2 , 3 . 5-tri-O-benzoyl-B-L-ribofuranosyl pyridine 
compounds. These compounds are stirred with HH,/«eOH to gxve pure 
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0-L-ribofuranosyl pyrimidines after purification and 
crystallization. 

A more detailed schematic for p-linked pyrimidine confounds within 
the scope of the present invention is shown in Scheme I-A. 

SCHEME I-A 



L-Ribose LMeOH/tfrSCU 
2.BzCl/Pz 




* LHBi/HOA^iO 
2-HOAc/AqO 




OAc 



2 + 
Me,Si 



OSiMe 




TMSOTf 
CIGHzCHjCl 




NHVMeOH 




7Y HMDS/CIS iM^ 



SnCVCH 3 CN 

° H 




NHAc 



2 4 




H 



HMDS/ClSiMq/ 
S11CWCH3CN 



Y 



NHVMeOH , 



NHVMeOH 





The compounds of this invention wherein the nucleoside has a purine 
base (A. I , G or substituted purine base such as thio-G) which is 
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linked to the ribofuranosyl sugar via p linkage (B is R 4 in a 
compound of Formula (I)) can be made by the general scheme II below. 

SCHEME II 

General procedure to make J-L-ribofuranosyl purines: 

SUylated 1. TMSOTf/aCrfrCH 2 a 
+ Base 2.NHj/MeOH 





Base 



A mixture of purine base (2 mol) and <HH<),SO, (catalytic .mount) in 
HMDS is refluxed until the solution becomes clear. The result^ 
dear solution is concentrated to yield silylated base to which 
anhydrous dichloroethane is added and the solution is cooled to 0 C. 
Under nitrogen atmosphere a solution of l-O-acetyl-2 . 3 1. 5^-0- 
benzoyl-U-L-ribofuranose in dichloroethane (1 mol) and TMSOTf (2.1 
■ol) are added to the above solution and stirred at room temperature 
for 16 hours. The reaction is quenched with saturated NaHCO, 
solution and the solvent is evaporated. The residue is dissolved in 
EtOAc , washed with water and brine. After drying and evaporating 
the solvent, the residue obtained is separated on a silica gel 
column to give pure 2 . 3 . 5-tri-0-benzoyl-|>-L-ribofurenosyl purines, 
which after stirring with NK ; /MeOH and usual purification give pure 
p-L-ribofuranosyl purines. 

A more detailed schematic for the synthesis of ^-linked purine 
compounds within the scope of the present invention is provided in 
Scheme 1 1 -A. 
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SCHEME II-A 
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The compounds of this invention wherein the nucleoside has a 
^imidL base p. T. C or substituted pyridine base such .sJ-FU 
ofthio-U) which is linked to the ribofuranosyl sugar via « linkage 
(B is R, in a compound of Formula (I)) can be made by the general 
Scheme III below. 

SCHEME III 

General procedure to make ,-L-ribofuranosyl pyrimidines: 

Base 

/ 0N VsPh Silylated 1. NBS/M.S.4A/CHeC^ . / N 

_J\OBi 1 BnO / + Base 2. rfc/Pd/QEtOH HO— 1 \ J 

A mature of pyrimidine base (2 mol) in HMDS and ammonium sulfate 
(catalytic amount) is refluxed until the solution becomes clear. 
The resultino clear solution is concentrated in vacuo to yield 
si ylated base. To this silylated base in anhydrous CH,Cl a under 
nitrogen atmosphere, i-thio-2 . 3 . 5-tri-O-benzyl-L-ribofuranosxde (2 
: 'Ia molecular sieves and NBS (1.1 mol, are added. The reaction 
fixture is stirred at room temperature overnight and 
addition of Na : s : 0 5 solution. The organic layer is washed wit* water 
br ine and dried over Na.SC,. Evaporation of the solvent gives the 
crude product which is purified on a silica gel colum* to obtain 
pure 2.3,5-tri-O-benzyl-s-L-ribofuranosyl pyrimidines. These 
compounds are subjected to Hj /Pd/C reduction, followed by 
purification and crystallization to give pure «-L-nbofuranosyl 
pyrimidines . 

A more detailed schematic for the synthesis of -linked 

within the scope of the present invention is provided in Scheme III 

A. 
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SCHEME II I -A 



NH) 



L-Ribose 



NH2CN 
in NHiOH hi 




? 

HC=C— C— OCHi 
50% EtOH 



15 




JHQ1 



0.2 n HQ 




C6H5CN 





CH3CN/E0N 



r Pass/Py 



17 



18 



19 




NH3/Me0H y 
100°C 



NHj 



NH3/MeOH 
rx 



OAc 



PhSH/SnCU 
CH2Q2 



1 NaQMc/McOH , 
2.NaH/BnBr/DMF 




22 



23 




-78°C 




NBS/M.S.4A/CH2Q2 

24 25 

The compounds of this invention wherein the nucleoside has a purine 
base which is linked to the ribofuranosyl sugar via 0 linkage (B is 
R 3 in a compound of formula (I)) and only one of R, or R 2 is OH, or 
where R, is OH and combines with B to form a cyclic ring structure, 
can be made by the general Scheme IV below. 
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SCKDffi IV 

General procedure to make *-L-2 ' -Deoxyribof urenosyl purines: 





SUylatcd 1. NaH/CH CN 

+ Base 2. NByMeOH 



p-TolO — I " Base 



. mixture oi purine bese .2 »ol> end He* «•» »D »« • tirr " 3 

^v£o" CH,™ under nitrogen eaospher. at ro» t«B.tm for 30 
T ^ rcnr.T- J -a.oxy- 3 . S -ai- 0 -P-t. 1 uo yl ..-L.pentofur„o.« re .aded 

" the ration sdxture end stirred for 2 hours. Th. r.ec^on 

ii lured with CHC1, end filtered through Cellte*. The 
m ret. • en entr »d re'dissoWed in EtOAc end -.shed with water 
~d b'ine After drying end ev.por.ting the eoWent. the resrdu, 

Ti ro-P-toluoyi-p-L-ribofureno^l purines. The,, cc^ounds ere 
tested w!th KKj/MeOH end then purified end crystsUir.d to grv. 
pure p-L-2' -deoxyribof uranoiyl purines. 

A detailed schematic for similar ^-linked deoxy-ribofurenosyl having 
pyrimidine bases is shown in Scheme IV-A. 
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SCHEME IV-A 



NH2CN 



L-Axabinose 




26 



BzCN 
DMF 



NHt 



HC^C—C—O—CH^ 



Blt> _jC_^^^ HO/DMF 



A1BN .Jt^ 
BvcSaH/Benzcnc 



28 



NaOMe/McOH 




HN. 




29 



30 



P2Ss/Dioxane 




ih A Ntfa/MeOH 



HN. 




34 




32 



NHa/MeOH 
100°C 




\0H 



1 




31 



1. KOH/HCH0/H3 

2. H2.W/C 



HN. 




"CHj 

0 35 



NHj 



33 
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The compounds of this invention comprising .-L-2'deoxy ribofuranosyl 
pyridines and purines (including 5-FU analogs of such) are shown 
in Scheme V, whereas Scheme V-A shows methods for making p-linked L r 
2 ' -deoxy-ribof uranosyl compounds . 

SCHEME V 

General procedure to make «-L-2 -doexyribof uranosyl pyridines and 
purines : 



Base 



FhOCfSK3/ 
DMAP/Py 



6o 



m, OH 
360 



? V°\J BujSnH/ATON 9 V°\ 

|JH Tolume fo-teJ 

C&h 0— C— OPh 0*), 

S 3 * c 

370 



Base 



TBAF/THF 




39o 



X- [3 ' , 5 ' -O- (X, X, 3 , 3-Tatr«.iaopropyldisilojean«-X, 3-diyl ) -«-X,- 
araibinofuranoayll-puriaa or pyriaidiaa (3««) 

To a stirred suspension of (**) (1 »ol) in pyridine is added 1.3- 
dichloro-l,l,3,3-tetraisopropyldisiloxane (1.2 mol). This is 
stirred at room temperature until the completion of the reaction 
(five hours), the solvent is evaporated and the residue is dissolved 
in EtOAc and washed with water. 5% HC1. water, saturated aqueous 
NaHCOj and brine. After drying over anhydrous »a,S0 4 it was filtered 
and evaporated to give the crude product (lfi£) which is used in the 
next step without further purification. 

1- [2 ' -0-Fh«noxy*.Hi©e*rbooyl-3 ' , S • -O- (1, X, 3, 3-fcatraiaopropyl 
di.ilowm.-X.3-diyl)-«-X.-arabi»o£ttraaol.yll-Pttrla« or pyrimidiae 

To a solution of (II*) d mol) i n anhydrous CH,CN is added «- 
dimethly amino pyridine (DMAP) (1.9 mol) and phenyl 
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chiorcthionof ormate (1.1 mol). The solution is stirred at room 
temperature for 24 hours. Then the solvent is evaporated and the 
residue dissolved in EtOAc and washed with water, 5% HC1, water,, 
saturated aqueous NaHC0 3 and brine. The EtOAc layer is dried 
(Na.SOJ , filtered and evaporated. The residue is purified on a 
silica gel column to give pure (22*) . 

31,51 -o- (1# 1, 3* 3-T*trai»opropyldi«iloxan#-l,3-d±yl) -«-X*«purin« or 
pyrimidine (24*) 

To a mixture of (32a) (1 mol), AIBN (0.2 mol) in dry toluene is 
added Bu ? SnH (5 mcl) . The solution is deoxygenated with oxygen- free 
Ar then heated at 75°C for four hours. The solvent is then . 
evaporated and the residue is purified on a silica gel column to 
yield pure . , ' .. 

2 ' -D*oxy-a-L-purine or pyrimidine (2SA) 

A mixture cf f 38c ) (1 mcl) and TBAr (2 mcl) in TH? is stirred at 
room temperature. After completion of the reaction the solvent is 
evaporated and the residue is dissolved in water and washed with 
ether. The water is evaporated and the residue purified on a silica 
gel column tc give pure 2 ' -Deoxy-o-L-purine or pyrimidine. 
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SCHEME V-A 




l,3-dichloro-l.Ut3-tetra- /* \^°\ 
isopropyl disifoxane/Py m | ^ ^ 



36 



DMAP/Py 




UQ ToW 0 



(iPr), 



37 



HN 




R=— C-OFh 




TBAF/THF 




A general schematic for the synthesis of c and p-L-2'-3'- 
dideoxyribofuranosyl pyrimidines and purines is provided below in 
Scheme VI. Detailed schematics for p-linJted 2*3' dideoxy 
pyrimidines and p-linked 2 ' deoxyinosine are shown in Schemes VI -A 
and VII. 

SCHEME VI 

General procedure to make « and p-L-2 • , 3 ' -dideoxyribof uranosyl 
pyrimidines and purines: 
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Ph 




1. Separation 

2. TBAF/THF 




HoX_/ 



and 



A mixture cf purine cr pyrimidine base (1 mol) in HMDS and ammonium 
sulfate (catalytic amount) is refluxed until the solution becomes 
clear. The resulting clear solution is concentrated in vacuo to 
yield silylated base. To a solution of this silylated base in 
anhydrous CH : C1 5 under nitrogen atmosphere, a solution of 1-O-acetyl- 
5-0-(tert-butyldiphenylsilyl)-2,3-dideoxy-L-ribofurnose is added 
followed by the addition of EtAlCl,. The reaction mixture is 
stirred at room temperature for an hour and then poured into an ice 
cold mixture cf CK : C1 : and saturated NaHCO, solution. The mixture is 
stirred for 10 min and filtered through Celite*. The organic layer 
is washed with saturated NaHCO, solution and brine. After 
evaporating the solvent, the «.B crude product is separated on a 
silica gel column to give pure • and p-5 *-0- (tert- 
butyldiphenylsilyl ) -2 ' . 3 ■ -dideoxy purines and pyrimidines . These 
compounds are treated with TBAF to remove the silyl protection, and 
then purified on a silica gel column to give pure « and p-dideoxy 
purines and pyrimidines . 

The compounds of this invention wherein the nucleoside has a 
pyrimidine base (U. T. C or substituted pyrimidine base) which is 
linked to the ribofuranosyl sugar via P linkage (B is R, in a 
compound of formula (ID and are 2 \ 3 ' -dideoxy compounds, can be 
made by the general Scheme VI -A below. 
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SCHEME VI -A 




Compounds of this invention wherein the nucleoside is inosin 
(hypoxan thine) linked to the sugar via P -linkage are shown i 
general scheme VII below. 
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0-L-2 ' -Deoxyinosine 



L-Arabinosc BnQH/Ha 



HO 




CHjO 



aw* p-TsQU/DMF 



50 



HO 




NaH/CS2/MeI 



oau% THF 




51 



52 J 



OCHPh 
O— C— SO* 



BLftSnH 
Toluene 




1.80% HOAC 
ocftft 2.0 HQ 



ho y o 



OH 




oh l.MeOH/Hq 
2.^-TolCl/Py 



53 



54 



/V 



ob* HCl/Ether 



p-Toli 




p-TolO- 1 
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yOp-Tol 

56 




56 



V NaH/CH3CN 



Op-Tol 



H 



p-Tol 




HSCH2CH2QH/ 

NaOMe/MeOH 



HO- 1 
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within the scope of the invention can be made based 
Other compounds within tne sc^ w . in as we ll as the 

r,f f hP schematics provided herein, as weia 

— - - — -* -» is tooOT 

to the skilled artisan. 

,„ the teachings provided herein, the skilled artisan 
ladlly l • s "f n" /o make compounds within the scope of 
^t invention *y appiyin, veil known -hni^-suc* as 
hose described in „ „ V i r ^f^^g^^ oy B. 

~a r Stuart Tipson, John wney * 
Townsend and R. Stuart y Nir i onf j des , Edited by Leroy B. 

and rtlfTT i i^trv of Maslfia siflsa nmi " Su itable methods for 

* now York Plenum Press (19B»-i»»ai • 

r^r^stuutions on ^ z:r ^z;z T^ZZ- 

nucleosides a e p-ov, ^ ^ ^ „ t anQ 

.pplic.tions be- ly . ler Mkin , subs titutions 

Tthose skiUed it .the art and are deseed , = ^ 
PuhHcations rncludxn . 

2 , '^™r,Tu . 

- p, r u ;r".n o "tch 

p. 394-35"; and Townsena. et al . . sup-a. 
incorporated herein by reference. 

This invention can be further understood by referring to the 
following Examples and Tables below. 

.. 1 -ft_ T ..Rih 0 fnrnn"5V 1 " raeil 

Sr.eo A 

1-0-Acety 2.3,5 ^ in Me0H (150 ml). 

!ir«V <0 5 ml) was added and refluxed for 2 hours, 
concentrated B.S.. (0.5 ml) iaine (30 ml) was added and 

After coclino the reaction mixture, pyrioin 

". solvents were evaporated. To the residue another 30 ml of 
Z id ne was added and evaporated to dryness. The residue was 
dissolved it. pyridine ,5= ml, and CH,C1 : ,» ml. then cooled to 0 C 
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and benzoyl chloride (19 ml, 166.55 mmol) was added dropwise and 
stirred at room temperature overnight. The solvents were evaporated 
and the residue dissolved in CHC1 3 and washed with H 2 0. and NaHC0 3 and 
dried over anhydrous Na 2 S0 4 . After evaporating the CHC1 3 , the 
residue was coevaporated with toluene to give a brown residue. The 
brown residue was dissolved in 30% HBr/OHAc (67 ml) and the solution 
was stirred at room temperature for 30 minutes, after which time 
glacial acetic acid (47 ml) was added and the mixture was cooled to 
8°C (internal temperature) in an ice-salt bath. Stirring and 
cooling were continued while H 2 0 (34 ml) was added dropwise. The 
mixture was removed from the cooling bath and stirred another 30 
minutes. Then the solvents were evaporated and the residue was 
dissolved in CHC1 3 and washed with H 2 0 and NaCH0 3 . The CHC1 3 was 
evaporated down to 50 ml, pyridine (50 ml) and aceti.c anhydride (9.5 
mil were added and stirred overnight at room temperature. Then the 
solvents were evaporated and the residue dissolved in CHC1 3 , washed 
with H : 0 and NaHCC : . . After evaporation of the solvent a brown 
residue was obtained and it was coevaporated with toluene. The 
brown residue was triturated with EtOH to give light brown crystals. 
This was recrystallized from EtOH/EtOAc (5:2) to give 2 (8.15 g. 
46.5%) as white crystals: m.p. 126 - 127°C. 

Ste* E 

1-12.2, 5 - ?? L - Z -ber.zcyl - ft -L-r ibcfuranosyl ) uracil (2) 
A mixture of uracil (0.44 g, 3.96 mmol) and (NH 4 ) 2 S0 4 (catalytic 
amount) in HKTS (25 ml) was refluxed for five hours. The resulting 
solution was concentrated under anhydrous conditions to yield 
silylated uracil. To a cooled (0°C) and stirred solution of 
silylated uracil and 2 (1.0 g, 1.98 mmol) in dry dichloroethane (5C 
ml), TMSCTf (C.77 ml, 3.96 mmcl) was added. The reaction mixture 
was warmed to room temperature and stirred for 16 hours. The 
reaction was quenched with saturated NaCH0 3 solution (5 ml) and 
evaporated to dryness. The residue was- dissolved in EtOAc (100 ml), 
washed with water, brine, dried, filtered and evaporated to give a 
solid residue and it was purified on a silica gel column using 
EtOAc/CHCl : (3C - 40%) to give a white solid which was crystallized 
from EtOK/petroleum ether to give pure 2 (0.914 g, 82.7%) as white 
crystals: m.p. 142 - 144°C. 
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Step C 

l-p-L -Ribofuranosyluraci 1 (£) 

Compound 2 (0.87 g, 1.56 xnmol) in NH 3 /MeOH (100 ml) was stirred at 
room temperature overnight. The solvent was evaporated and the 
residue was dissolved in H,0 (50 ml), washed with ether (3 X 25 ml) 
and evaporated to give a white solid and it was crystallized from 
95% EtOK to give pure compound i. (0.335 g, 87.2%) as white crystal: 
m.p. 165 - 166°C. . 

E&amalfi 2 

l-F-T.-Ribafurannsvl-5-nuorouracil 

SlSS h 

1- (2, 3. 5-Tri-O-ber.zoyl-p-L-ribofuranosyD-S-fluorouracil (5.) 
To a mixture of 5-f luorouracil (0.85 g, 6.54 mmol) and compound 2 
(3.0 g, 5-94 mmol) in anhydrous MeCN (100 ml) were successively 
added HMDS (1.25 ml, 5.95 mmol). ClSiMe : . (0.6 ml. 4.76 mmol) and 
SnCl< (0.63 ml. 7.13 mmol). The resulting clear solution was 
refluxed for 1 hour when TLC indicated completion of the reaction. 
The solvent was evaporated and the residue dissolved in EtOAc (250 
ml), washed with NaHCO, and H ; 0. The EtOAc layer was dried, filtered 
and evaporated tc give a white solid and it was crystallized from 
CHCl-.'MeOK (1 - 2%) to give compound £ (2.11 g, 61.9%) as white 
crystals: m.p. 20E - 209 C C. 



c«- 



l-P-L-Ribcfurar.zsyl-S-fl-Jcrouracil (£) 

Compound 2 (0.75 g. 1.30 mmol) in NK,/MeOK (100 ml) was stirred at 
room temperature overnight and worked up as in Example 1, Step C to 
give pure 1 (0.33 g, 96%) as white crystals: m.p. 147 - 148°C. 

Example 3 

i - £ -T -R 3 bo f urancsvl rvtos ine 

Stey h 

1- (2,3, 5-Tri-0-benzoyl-fl-L-ribofuranosyl)-N'-acetylcytosine (2) 
To a mixture of N<- acetyl cytos ine (0.18 g, 1.19 mmol) and compound 2 
(0.50 g. 0.99 mmol) in anhydrous MeCN (30 ml) were successively 
added HMDS (0.17 ml. 0.79 mmcl), ClSiMe 3 (0.10 ml, 0.79 mmol) and 
SnCi { (0.14 ml, 1.19 mmol). The resulting clear solution was 
refluxed for one hour. Then the solvent was evaporated and the 
residue dissolved in EtOAc (100 ml), washed with NaHCO, and H 2 0. 
After evaporation of the solvent the residue was purified on a 
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silica gel column using EtOAc /petroleum ether (70%) to give pure 2 
(0.41 g. 70%). as a white foam. 

prep B 

l-p-L-Ribofuranosylcycosine (A) 

Compound i (0.85 g. 1.42 srool) in NH 5 /MeOH (100 ml) was stirred at 
room temperature overnight and worked up as in Example 1, Step C to 
give pure 4 (0.16 g, 52%) as white crystals: m.p. 210°C. 

Example 4 

Q-p-T.-Ribof)iranosv1 adenine 

, gfgp A 

9- ( 2, 3, 5-Tri-O-benzoyl-p-L-ribofuranosyl) -6-chloropurine (£) 
A mixture of 6-chloropurine (1.22 g. 7.93 mmol) and (NH^SO, 
(catalytic amount) in HMDS (25 ml) was refluxed for eight hours. 
The resultins solution was concentrated under anhydrous conditions 
. c yield silylatec 6-chloropurine. To a cooled (0°C) and stirred 
solution cf silylated 6-chloropurine and 2 (2.0 g, 3.97 mmol) in dry 
dichloroethane (25 ml). TMSOTf (1.87 g. 1.6 ml. 7.93 mmol) was 
added. The reaction mixture was warmed to room temperature and 
stirred fcr 16 hours. The reaction was quenched with saturated 
Na «-C "stlution (10 ml) and the solvent was evaporated. The residue 
was cissclved in EtOAc (150 ml), washed with water, brine, dried, 
*< - teres ar.= evaporated to give a solid residue and it was punfiec 
ll'l siDra gel column using CHCD:MeOH (5%) to give pure & (2.35 g, 
99k: as ftar.. 

St eg E 

9-f}-L-Rib:f--ranosyladenine (12.) 

A so^ut^c- of 2. (1-00 g) in DME/NH : . (50 ml) was heated at 80°C in a 
steel bomb for 24 hours. After cooling, the solvent was evaporated 
and the solid obtained was stirred in NH,/MeOH (100 ml) overnight. 
After the evaporation of the solvent, the residue was dissolved in 
water (50 ml), washed with CHCl, (2 x 25 ml) and ether (2 x 25 ml). 
The water layer was evaporated and the residue crystallized from 
water to give pure 1ft (0.30 g. 67%) as white crystals: m.p. 225°C 
(dec) . 
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Q-p-T.-BShof urn^^i^nxBnthine — till 
A mix'ure of £ U-05 g. 1.70 mmol). mere apt oethanol (0.4B ml. 6.9 
W). and NaOMe in MeOH (100 ml) was refluxed for four hours. The 
reaction mixture was cooled, neutralized with glacial acetic acid 
and evaporated to dryness. The solid obtained was washed with CHC1, 
and the residue was crystallized from EtOH to give pure 11 (6.198 g. 
47%) as white crystals: ro.p. 212 - 213 6 C (dec). 

F.x ample 6 ' 

o-p-T-Rib ^^rwnnsvi guanine 

f%*3 . 5 - Tri -O-bexzoyl -fi-L-ribof uranosyl ) -2-acetamido- 6-ch J oropurine 

A^mix— e of 2-acetamido-6-chloro P urine (1.68 g. 7.93 mmol) and 
(NK )-S0 4 (catalytic amount) in HMDS (75 ml) was refluxed for 16 
nou- The resulting clear solution was concentrated under 
anh *L 0 „ c conditions to yield silylated 2-acetamido-6-chloropunne . 
To Tooled (0-C) and stirred solution of silylated 6-chloropunne 
and a" (2 0 a. 3.96 mmol) in dry dichloroethane (100 ml). TMSOTf (1.6 
^ 1 *3 mmol) was added. The reaction mixture was quenched with 
sa-u-ated NaHCC, solution (10 ml) and the solvent was evaporated. 
Th- -e-du° was dissolved in EtOAc (150 ml), washed with water, 

— ■«* filtered and evaporated to give a solid residue ana it 
^'z.rliLei on a silica gel column using EtOAc /petroleum ether (40 
- 5C- -.: give pure 12 (1.36 g. 53%) as white foam,. 



9-p-L-P.ib:f~rar.csylguar.ine 111) 

A itr>-u-e of 12 (0.58 g. 0.88 mmol), mercaptoethanol (0.25 ml, 3.53 
mmdli and NaOMe (0.76 ml. 3.53 mmol. 25% weight solution in MeOH (10 
ml)) was refluxed for six hours. The reaction mixture was cooled 
neutralized with glacial acetic acid and evaporated to dryness. The 
solid obtained was washed with CHCl, and the residue was 
crystallized from water to yield pure 12 (0.215 g. 86%) as white 
crystal: m.p. 248 P C (dec) . 

To a solution of 12 (0.68 g. 1.03 mmol) in anhydrous EtOH was added 
thiourea (0.15 g. 2.06 mmol). The reaction mixture was refluxed. for 
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an hour and then the solvent was evaporated. The residue was 
dissolved in EtOAc and washed with water and dried. After 
evaporation of the solvent the crude product was purified on a 
silica gel column (5% MeOH/CHCl 3 ) to yield benzoylated thioguanine. 
The product was debenzoylated by stirring with NH 3 /MeOH (100 ml) at 
room temperature overnight. After evaporating the solvent the solid 
obtained was dissolved in water and washed with CHC1 3 (3 x 50 ml) . 
Then the water was concentrated and crystallized from water to give 
pure H (0.15 g. 58%) as yellow crystals: m.p. 227°C (dec). 

Example 6 

2-Amino-c-L-ribcfuranofl ' .2' :4 Sloxa zoline 
A mixture of L-ribose (7.0 g, 46.63 mmol), cyanamide (3.92 g, 93.27 
mmcl) and IK NH<OH (20 ml) was heated in a 30 - 35°C water bath unt_ 
the solids were dissolved. The reaction mixture was kept at room 
temperature for 3 0 minutes and heated again at 60°C for an hour, 
during which time a white solid started to precipitate. After 
adding MeOH (25 ml), this was kept in the refrigerator overnight, 
filtered and washed with MeOH and ether to give compound i£ (7.46 g, 
92%) as white crystals: m.p. 195 - 196°C (dec). 

Example 9 

OvO : -Anhvdrs-l-g-L-r ibofuranosvluracil ( j f ) 
A mixture of compound 15 (7.86 g, 45.13 mmol) and methyl propiolate 
(14.04 ml, 157.95 mmcl) in 50% EtOK (100 ml) was refluxed for six 
hours. Afier coding, the solvent was evaporated to dryness and 
coevaporated twice with EtOH. Then the solid obtained was boiled ir 
EtOH, cooled and filtered to give compound 1£ (5.88 g, 57.6%) as 
white crystals: m.p. 215 C C (dec). 

i 

Example 10 
1-tt-L-Ribofuranogvluracil 
A solution of compound 1£ (4.50 g, 19. 89. mmol) in 30 ml of 0.2 N HC1 
was refluxed for two hours. After cooling, it was neutralized with 
Dowex (2 x 8-100) ion exchange resin. The resin was filtered and 
washed with water and the combined . filtrates were evaporated and 
coevaporated with ethanol to give a hygroscopic foam, to which 1:1 
mixture cf acetone-ether (100 ml) was added and kept at room ■ 
temperature for two days. This was filtered to yield compound 22 
(4.80 g, 86.6%) as white solid: m.p. 137 C C. 
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1-p 1 ^-Tri-0-ben2ftv1-«-L-r j tv>f«rwnogv1)»4-thiP1irnr11 (1?) 

.step ft 

i-(2 J, 5-Tri -O-BenzoyJ-c-L-ribofuranosyJ J uracil (1£) 
A solution of benzoyl cyanide (4.29 g, 32.76 mmol) in CH,CN (25 ml) 
was added dropwise to a suspension of compound 11 (2.0 g. 8.19 mmol) 
in CH,CN (50 ml) followed by Et 3 N. The mixture was stirred at room 
temperature for three hours and the solvent was evaporated to 
dryness. The crude material obtained was purified on a silica 
column using 50% EtOAc/hexane as solvent to yield compound lfi <4.55 
g , quantitative) as pale yellow foam. 

c;rep E 

1-12 3 5-Tri-0-beazoyl-tt-L-ribofuranosyl)-4-thiouracil (12) 
Phosphorus pentasulfide (5.99 g. 26.95 mmol) was added to a solution 
of compound 16 (2. "75 g, 6.73 mmcl) in pyridine (70 ml) and was 
refluxed for four hours. After cooling, the solvent was evaporated 
ar.d the residue dissolved in CHC1 ; . washed with water and brine. 
After drying over anhydrous Na : SO,. evaporation of the solvent gave 
the crude product which was purified on a silica gel column using 
30% EtOAc /petroleum ether as solvent to give compound 1* (3.68 g. 
95%) as golden yellow foam. 

] -B-l.-Rib pf^-ranosv"! rvrosine 

Compound IS. (3.66 c, 6.42 mmol) was treated with 200 ml of 
methanolic ammonia in a bomb at 100°C for 18 hours. After cooling 
to room temperature, the solvent was evaporated to dryness and the 
residue dissolved in water (200 ml) . The aqueous solution was 
extracted successively with CHCl, and CC1 4 (3 x 100 ml) to remove 
benzamide and methyl benzoate. The aqueous layer was treated with 
active charcoal, filtered through Celite*. evaporated to dryness and 
coevaporated with EtOK. The solid obtained was recrystallized from 
MeOK to give pure compound Ifi (1.36 g. Bl%) as white solid: in. p. 206 
- 207-C (dec) . 

Example 13 
T-fl-T-THb p f^rAriosvl-4-thiouraril (21) 
Compound IS (0.61 g. 1.06 mmol) in NH, /MeOH (40 ml) was stirred at 
roor. temperature overnight. The solvent was evaporated and the 
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residue was purified on preparative plates using MeOH/CHCl 3 (20%) tc 
give pure compound 21 (0.185 g, 66.5%) as yellow foam. 



Step A 

l-Thio-2, 3, S-tri-O-benzoyl-L-ribofuranoside (22) 

To a solution of 2 (0.50 g, 0.99 xranol) in CH 3 C1 2 (50 ml), thiophenol 
(0.11 ml, 1.09 xnmol) was added and stirred at room temperature for 
15 minutes. Then the reaction mixture was cooled in an ice bath and 
SnCl 4 (0.07 ml, 0.59 xnmol) was added dropwise and stirred at room 
temperature overnight. The reaction mixture was washed with 2N HC1 
(2 x 20 ml), water (25 ml), NaHC0 3 solution (25 ml) and then with 
brine, After drying over Na 2 SO«, the solvent was evaporated and the 
residue was purified on a silica gel column using 15 - 20% 
EtOAc /petroleum ether as solvent to give pure compound 22 (0.45 g, 
82%) as an oil. 

Step S 

l-Thio-2 ,3 , 5-tri-O-benzyl-L-ribofuranoside (22) 

To a solution cf 22 (0.45 g, 0.81 mmol) in MeOH (20 ml), NaOMe (0.03 
ml, 0.16 mmcl) was added and stirred for 18 hours. The reaction 
mixture was neutralized by Dowex 50 ion exchange resin, filtered and 
evaporated. Tc this residue, DMF (20 ml) was added and cooled in an 
ice bath. Tc this cooled solution NaH (0.32 g, 8.11 mmol) was added 
in portion and stirred for 15 minutes. Benzyl bromide (0.96 ml, 
8.11 mmol) was added dropwise and stirred at 0°C for 2-3 hours. 
The reaction was quenched with water after diluting with EtOAc. The 
EtOAc layer was washed with water (2 X 25 ml) and brine. After 
drying and evaporation of the solvent, the crude product obtained 
was purified on a silica gel column using 5 - 10% EtOAc /petroleum 
ether as solvent to yield pure 22 (0.30 g, 73.5%) as an oil. 

Step C 

1-12.3. 5-Tri-G-benzyl-e-L-ribofuraaosyl) -5- f luorouracil (21) 
A mixture of 5-f lucrouracil (0.15 g ( 1.17 mmol) in 

hexamethyldisilazane (30 ml) and ammonium sulfate (catalytic amount) 
was refluxed for four hours. The resulting clear solution was 
concentrated in vacuo to yield silylated 5-f luorouracil as colorless 
oil. To a solution of silylated 5-f luorouracil in CH ; C1 : (20 ml) 
under nitrogen atmosphere were added NES (0.11 g, 0.64 mmcl), 4A 



Example 14 

l-g-L-ribofuranosvl-5-f luorouracil 
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mo 



lecuiar sieves (0.21 g) and compound 21 (0.30 g, 0.58 mmol) in 
CH CI- (20 ml) • The reaction mixture was stirred at room temperature 
overnight and quenched with the addition of Na 2 S,Oj solution. The 
organic layer was washed with water, brine and dried over NajSO, . 
Evaporation of the solvent gave the crude product and it was 
purified on a silica gel column using 5% MeOH/CHjCl, as solvent to 
give the pure e isomer 24 (0.23 g. 74.5%). as yellow oil. 



SlfiB D 

1-e-L-ribcfuranosyl-S-fluorouracil (21) 

To a .solution of 24 U • 0 g. 1 . 87 mmol) in CH,C1 3 (50 ml), at -78°C 
under nitrogen atmosphere, 1 M solution of BC1, (20 ml, 20.57 mmol) 
was added dropwise. The reaction mixture was stirred at -78°C for 
four hours, a 1:1 mixture of CHjClj/MeOH (50 ml) was added and the 
reaction mixture was brought to room temperature and the solvents 
were evaporated to dryness. The residue was coevaporated with MeOH 
(25 ml) 5 times. The residue obtained was dissolved in water and 
washed with CHC1, (2 x 50 ml). The water layer was evaporated to 
give a white solid which was crystallized from EtOH/ether to give 
the pure 22. (0.41 g. 83%) as white crystals: m.p. 150 6 C. 

?-3k--~f<-B-r-»rahinr .^r«nM V 9 ; • I .S 1 oy*7o1 j nf> (26' 
A mixture cf L-arabinose (10.0 g, 66 '.60 mmol), cyanamide (5.60 g, 
133.20 mmol). methanol (30 ml) and NH«OH (3.3 ml) was stirred at 
room temperature for three days and then kept at -10°C overnight. 
The product was collected with suction, washed with methanol and 
ether to give compound 2i (9-60 g, 82.7%) as white crystals: m.p. 
175 C C. 

Example 16 

? -< n^-ft^vriro-B- T-wrabinofiiranosvluracil (271. 
A solution of compound 24 (15.0 g, 85.15 mmol) and methyl propiolate 
(23.0 ml, 261.75 mmol). in 50% aqueous ethanol (250 ml) was refluxes 
for five hours. After cooling, the solvent was evaporated to 
dryness and the solid obtained was coevaporated with EtOH twice. 
Then the residue was dissolved in hot EtOH, cooled and filtered tc 
give 22 (12.52 g. 65%) as white solid: m.p. 236°C. 
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Exnirele l 7 

?'-rrrffv-B-Tr" r ^ ri * (31) 

prep A 

3-5- -Di-O-benzoyl-Ct.Cr -anhydro-p-L-uridine (21) 

A suspension of compound 21 (12.52 g, 55.31 mmol) and benzyl cyanide 
(15.96 g. 121.77 mmol). in DMF (100 ml) was treated dropwise with 
triethylamine (1.9 ml) . The mixture dissolved rapidly and 
spontaneously deposited the product. The mixture was diluted with 
DM? (50 ml), stirred for three hours and finally diluted with 
ethanol (15 ml). This was poured into ether (250 ml), the 
precipitate collected with suction, washed wit* ether and dried to 
give 21 (21.92 g, 86%) as white solid: m.p. 260°C. 

sr.ec P „ . .. /M1 

3-5- -Di-0-benzcyl-2--chloro-2'-deoxy-fi-L-uridine (21) 
A mixture of compound 21 (21-72 g. 50.46 mmol), DMF (200 ml) and 6 M 
HC1 in DM? (4C5 ml) was stirred at 100'C for 90 minutes under 
ex-lusion cf atmospheric moisture, cooled down and poured under 
storing into 1.5 L of water. The precipitate was collected with 
su-ion, washed with 1 L of water and recrystallized from ethanol 

(600 ml) tc give pure 21 (19-9 g. 83.7%) as white crystals: m.p. 166 

- 167'C. 

SlfiB C 

-•5- -Di-O-ber.zcyl-2 ■ -deoxy-p-L-uridine (21) 

I mixture of compound 21 (18.89 g, 39.93 mmol). tri-n- butyl tin 
hyd-ide (44.3 ml. 159.7 mmol), benzene (400 ml), and 
azobisisobutyrcnitrile (0.160 g) was refluxed under stirring for oi. 
hour After cooling, the solid was filtered and washed with 
benzene. This solid was portion-wise recrystallized from ethanol 

(3.2 L) tc yield pure 12. (15.9 g, 91.3%) as white crystals: m.p. 223 

- 224=C. 

Step D 

2 ' -Deoxy-p-L-uridine (21) 

To a solution of compound 11 (5.75 g. 13.17 mmol) in MeOH (75 ml) 
was added 4.62 M NaOMe (3.17 ml) and the reaction mixture was 
stirred at room temperature overnight. Then the solvent was 
evaporated and the residue was dissolved in water (250 ml) and 
washed with ether (3 x 100 ml) . The aqueous layer was neutralized 
w<ch Dowex 50(H-> ion exchange resin, filtered and evaporated. The 



30 



PCT/US95/13716 
WO 96/13512 

hra : ned was coevaporated with ethancl and 
crude product obtained was P white 

cry stallized fro. ethanol to give 31 (2-53 g. 
crystals: m-P- 162 - 163-C. 

minu tes. The »i«u„ rather ,0 -i-*-. 

peotasulfiae (2.65 Si. refluxes I Jiltr.te was 

Lie hot. ^ the solia «she „ ^"btainea ves P-i^a or. 
ev.por.t.a.to aryness ena ^;^f/; oK/p . troleOT « h er es Solent 
a silic. 9.1 «l«n ««»« 20 I w ethlnol „a then 

50 . 5%) as yellow crystals: m.p. 136 - 137 C. 

Fttf)fflP'' p 19 

trop .r.tur«. toe " ve P ^ ^ 

r^io- :r;r.: tea- -^s--* 

ethane*. ^ s " iia „ n 13 a 75%) as white 

acetonitrile mixture 11:10) to give 32 11.13 g. 

crystals: m.p. 210 : C. 

yiTTmn?' 1 *' 20 

a 32 (C 25 M^5 mmol) in NH 3 7MeOH (30 ml, was stirred at 
Compound 32 (0.25 g. 0 ^ evaporated and the 

re:idrw:r;:;!ne;:i 5 p:eparative ^ ^ «». « 

give pure 3A (0.12 g. 88%) as yellow oil . 

2 -^ ^ T i ^r a t^ - 70-C for six days 
compound 22 ,0.5 g. 2.19 mmol) was eate JO C 

in • mixture of 1.2 mi 37% aqueous formaldehyde »no 
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Every 24 hours the reaction mixture wee treeted with an additional 

7m of » K0„ and 0.55 ml of aqueous formaldehyde £ ^««" 
wa s then diluted with water, edited to pH4 with Dowex 50,H .. 
filtered, the filtrate evaporated in vacuo and the residue 
evaporated sever,! times with ethanol. The final residue was 
d solved in ethanol and made aUaline ,pH10> by the addition of 
t ethylene, evaporated and co.vapor.ced several times with 
ZJ. The residue was dissolved in 22 ml ethanol and 50 ul 
rentr,tI7h y aro=hlorio acid was added. The "^"J^ 
£or five hours. Then the reaction mixture was made online with 
"i.thylamine. evaporated and the residue was purified by flash - 
chromatography ,20a methanoi-ehloroform, 240 m, 
280 m, mixture (containing starting material . was obtained _ 
product -as dissolved in 20 ml ethanol. acidified with 21 ul 
concentrated hydrochloric acid and hydrogenated over 55 mg of 10% 
I lladiu. or. charcoal catalyst overnight under atmospheric pressure 
The m'xtur. was filtered, the filtrate made alkaline with 
! r ethylamine and evaporated to dryness. Fl.sh-chrom.togr.phy . 
^.residue ,20% ethanci-chloroform, gave 15 .0.18 g. 24% overall 
yield) as a white powder. 

Eaaaalfi 22 
? --no^w-B- T ^i^naarflmldias (3?) 

f^V-C-r; " 2.3-Tezraisopropyldisiloxane-1.3-diyl)~P-L- 

tT'^tXZT* !f. g. 3.50 -02, in pyridine ,40 m 
was added 1 . 3-dichloro-l , 1 , 3 . 3-tetraisopropyldisiloxane (1.65 1. 
4 68 mmol) . This was stirred at room temperature until the 

ompletion of the reaction (five hours), the solvent was evaporate 
and the residue was dissolved in EtOAc and washed with water, 5% 
£ water, saturated a^eous NaHC0 3 and brine. After drying ^over 
anhydrous it was filtered and evaporated to give the crude 

product 26 and it was used in the next step without further 
purification. 
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l-\2 • -o-Phenoxyzhiocarbonyl-3 ' .5 "-0- (1.1.3.3- 
tezraiscpxopyiaisiloxane-1.3-diyl)-hL-ri*>ofuranolsyl]'5- 

fluorouracil (22) . 
To a solution of 23. (3.90 mmol) in anhydrous CH,CN (50 ml) was added 
«- (dimethyl amino) pyridine (DMAP) (0.92 g. 7.56 mmol) and phenyl 
chlcrothionoformate (0:6 ml, 4.29 mmol). The solution was stirred 
at room temperature for 24 hours. Then the solvent was evaporated 
and the residue was dissolved in EtOAc and washed with water. 5% 
HC1 water, saturated aqueous NaHCO, and brine. The EtOAc layer was 
dried (Na,S0 4 ). filtered and evaporated. The resultant oil was 
purified on a silica gel column using MeOH/CHCl, (5%) to give pure 
22 (0.47 g) as white foam. 

Step C 

3 ' , 5 ' -G- tl . 1 . 3 . 3-Tezraisopropyldisiloxane-l ,3-diyl ) -p-L-~- 
flucrouricine f2£ - . 
Tc a mixture cf 22 (0.46 g. 0.72 mmol). AXBN (0.02 g. 0.14 mmol) in 
dry toluene (30 ml) was added Bu.SnK (2.0 ml. 5.05 mmol). The 
solution was deoxygenated with oxygen-free air and then heated at 
75*C for four hours. Then the solvent was evaporated and the 
residue was purified on a silica gel column using EtOAc /petroleum 
ether (30%) to yield pure it (0.34 g, 97%) as white foam. 

Ster D 

2 ' -Decxy- z - flucrcuridine (21 1 

A mixture of 21 (0.32 g. 0.66 mmol) and TBAF (1.4 ml, 1 M solution)^ 
in THF (15 ml) was stirred at room temperature. After completion o. 
the reaction the solvent was evaporated and the residue was 
dissolved in water and washed with ether. The water was evaporate- 
and the residue was purified on a silica gel column using MeOH/CHC. : . 
(10%) to yield pure 2£ (1-30 g. 80%) as an oil. 

p ..p» ft w- T -T-«l-f1uorniiHrtlTH> H2J 
Following the method of Example 22. this compound was made starting 
from :-c-L-ribcfuranosyl-5-fluorouracil (22): m.p. 150°C. 
NM?.: (DMSOd.) 6 1.90 (m.lH, H-2'a) 

2 55 (srii 1H . H-2-b). 3.33 (m. 2K. H-5"). 4.19 (m. 2K. H-3' & 4'). 
4.86 (br s. IK. OH). 5.43 (br s. IK, OH). 6.10 (dd. IK. K-l'). 8.15 
(d. IK, K-6). 11.76 (br s, IK. N-H) 
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?• ■3'-Dide mr'-H- uHdine (43) 

StflS A 

2 --Deoxy-5 1 -0- (4-monomethoxytrityl) -p~L-uridine IAS.) 
To a solution of compound 31 (2.0 g. 9.16 mmol) in pyridine (100 
m D 4-moriomethoxytrityl chloride (3.11 g. 10.08 mmol) was added and 
stirred at room temperature for 24 hours. Then the solvent was 
evaporated and the residue was dissolved in EtOAc, washed with 
water NaHCO, and brine. After drying over anhydrous NajSO,, the 
solvent was evaporated to give the crude product and it was purified 
on a silica gel column (5% MeOH/CHCl,) to yield lfl (4.13 g, 94%) as 
white foam. 

2 • -Deoxy-S 1 -O- M-monomethoxytri tyl)-3' -O-phenoxythiocarbonyl-p-L- 
uridine 111' 

To a solution cf 12. (4-13 g. 6.25 mmol) in anhydrous CH 3 CN (100 ml) 
was added DM-.? (0.46 o, 3.76 mmol) and phenyl chlorothiono formate 
(1^26 ml, 9. 07 mmol). The solution was stirred at room temperature 
fo- 24 hours. Then the solvent was evaporated and the residue was 
dissolved in EtOAc and washed with water. 5% HCl, water, saturated 
aquecus NaHCC ; . and brine. Evaporation of the EtOAc layer gave the 
crude produce and it was purified on a silica gel column (3.5% 
MeOH ZV.Z'. 1 to yield pure 11 (3.95 g. 75%) as foam. 

S^e- - 

2 • '•■ -riseexv-f ' -0- (4-monomezhoxytrityl) -p-L-nndine (12) 
To'a mixture* cf 11 (3.95 g. 6.20 mmol), AIBN (0.20 g. 1.24 mmol) ix 
dry tcluer.e (150 ml) was added Bu 3 SnH (16.7 ml. 62.0 mmol). The 
solu-icn was decxygenated with oxygen-free air and then heated at 
7S°C for f^ve hours. The solvent was evaporated and the residue was 
chromatooraphed on a silica gel column (50 - 60% EtOAc /petroleum 
ether) to yield pure 12 (2.36 g, 78.8%) as white foam. 



step - 

2 ■ , 3 --Dideoxy-P-L-uridine (12) 

Compound 12 (0.37 g, 0.76 mmol) in 80% acetic acid (5.0 ml) was 
stirred at room temperature for two hours, the solvent was 
evapc-ated and the residue was coevaporated with toluene. The 
residue was purified on a silica gel column (15% MeOH/CHCl 2 ) to give 
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pur e il and it was crystallized fro, MeOH/ether to give *i 
73%) as white crystals: m.p. 122°C. 



(0.118 g. 



o.-Pf.Aw. ti T-inrv™ 



$-tf-Deoxy-3.5-da-0 fi toiuoyi p hydride 
A mixture of 6-chloropurme (0.40 g. 2 6 wa£ . 

•i n ll o 2 8B mmol) in anhydrous CH 3 cn isu mi 

isomer ,0.85 g. 2 .18 -oil. «. ^ ^ fi d 

2 h ° U " c ^ T U ate was evaporate, and the crude -as 
through C.u * The 1 w ^cpetrdeum echer to 

pur.fxea o„ . s lie gel ^ ^ 

give pure compound 52 (O.sa 9- 

Step £ 

J "" W -';^T*0 -ol>. -rcaptceth.no! (0.11 1. l.» 

A mixture o£ SZ (0.2 9. M! refluxed for four 

^cl,. endKaOKe "V^'^J^. MUtr .U«d with glacial 
hours. The reaction mixture was obtain ed was 

~e « 0/oA g as whit, totals, ..p. 21, - 220-C. 

^fro activity against certain human tumor cell lines. 

CEL- LINES : Eight different established hu»n cell lines C*LU 

"rules"! C m r w ZVr fibroblast cells, -ere utilized. .11 
ceil lines (bone ma. _ cloning Laboratory. 

ceU lines were obtained th * ™, „ a Be.eerch Center, 

institute for Pru, Deve op^nt C„c. py^ ^ ^ 

San Antonio. Texas. A.1 cell im y K-- t -inactivated calf 

. trs r.i:;:r iste r^, c. 

Grar.i Island, New York. 
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IN VITRO EXPOSURE OF TUMOR CELLS TO COMPOUNDS: Stock solutions of 
intravenous (iv) formulations of certain of the compounds of the 
present invention {as shown in Table I below) , as well as 
intravenous formulations of 5-FU (control) were used. The iv 
formulations of the compounds of the present invention were prepared 
with sterile buffered saline and stored at -70°C until required for 
testing. The 5-FU control formulation was prepared as suggested in 
the product literature. 

Following trypsinization, tumor cells were suspended in tissue 
culture medium and exposed to the antitumor agents continuously at 
three different concentrations: 10 , 1 and 0.1 ng/ml. 

RADIOMETRIC MEASUREMENT OF GROWTH INHIBITION: Growth inhibition was 
assessed with the BACTEC System 460 (Johnston Laboratories, Towson, 
MD) after addition of the antitumor agent to the cell in the 
respective growth medium containing u C-glucose at a final 
concentration of 2 uCi/ml. (See generally, C. Arteaga, et al., h 
Radiometric Method for Evaluation of Chemotherapy Sensitivity; 
Results of Screer.i no a Panel of Human Breast Cancer Cell Lines . 
Cancer Research, 47, 6248-6253 (1987). 

Two mis of the tumor cell suspension containing radioactive glucose 
were seeded intc sterile, disposable 15 ml vials by injection 
through self -sealing rubber-aluminum caps. For each cell line, the 
optimal number cf tumor cells needed per vial in order to show 
significantly measurable growth in this radiometric system varied. 
The seeded vials were then incubated at 37 °C. Measurement of the 
release of 14 CO : resulting from the metabolism of i4 C-glucose were 
performed on days 6, 9, 12 and 15 in the BACTEC instrument. This 
instrument flushes the 14 CO- containing air out of the vials into an 
ionization chamber that converts dpm to growth index values. 
Chemotherapy sensitivity was calculated by comparing the growth 
index values of drug-treated vials to that observed in control 
vials. Each data point represents triplicate values. 

Results are shown in Table I below. 
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COMPOUND 
5-FU 



% SURVIVAL BONE 
MARROW 

1.9 



% SURVIVAL 
TUMOR 



o-l- 

ribofuranosyl- 
uracil 

2-amino-e-L- 
ribofurano 

oxa20 line 

2-air.ir.o-o-L- 
arabinoiuranc 
[1- ,2- :4.5i 
oxazcline 

C : , 0 : -anhyirc - 1 - 
a-L- 

ribofuranosyl 
uracil 

B-L- 

ribcfuranosyi 
cytosine 

1- (2,3, 5-tri-C- 
benzcyi-o-L- 
ribofurancsyl ) - 
4-thiouracil 

1- (2 . 5-ci-C- 
benzoyl-2- 
deoxy-p-L- 
ribof uranosyl ) - 
4-thiouracil 

2 , -§-L-deoxy 
ribcf uranosyl - 

4- thiouracil 

c-L- 

r ibof uranosyl - 

5- f lucrouracil 

P-L- 

ribcfuranosyi- 
5-f lucrcuracil 



ribof uranosyl 
cytosine 



96.6 



114.6 



109.5 



70.9 



120.1 



85.9 



i r.-> -. 



98.2 



94.6 



129.9 



72.6 



CALU 
COLO320 
HS578T 
HT29 
MCF-7 
OM-1 
SKLU 
SKMES 

CALU 



OM-1 



CALU 

MCF-7 

OM-1 

OM-1 



COLO320 
SKLU 

HT29 



MCF-7 

OM-1 

SKLU 



OM-1 
SKLU 



OM-1 
SKLU 



COLO320 
HT29 
OM-1 
SKLU 

OM-1 



2.2 
1.0 

43.5 
1.2 
0.8 
1.7 
5.0 

11.2 

89.1 



2.6 



89 
88.6 
41.3 

46.4 



82.3 
86.8 

75 



84.5 

35.7 
77.7 



82.3 
79.4 



0.4 
71 



81.9 
64.7 
71.9 
69.7 

39.2 



IC 50 



<0.6 

<0.6 

<0.6 
0.613 

<0.6 
1.47 
1.05 

<0.6 

>10 



0.026 



44.6 
187 
5 



2.97 



34.9 
240 

>10 



>10 
0.96 
88.7 



34.3 
>10 

0.87 
43.4 

186 
51 

37.6 
32.2 

5.9 
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COMPOUND 



% SURVIVAL BONE 



% SURVIVAL 
TUMOR 



IC 50 



P-L- 

ribofuranosyl 
guanine 

2 ■ -a-L-deoxy 
ribofuranosyl- 
5-f luorouracil 



2 ' -p-L-deoxy 

ribofuranosyl 

thymine 

p-L- 

ribofuranosyl 
uracil 

2\3'-p-L- 
dideoxy 
ribofuranosyl 
uracil 

P~L- 

ribcfuranosy. 
adenine 

P-L- 

ribof uranosy* 
hypoxanthine 



P-L- 

ribcfurancsy.- 
6-thioguanine 

2'-P-L-decxy 
ribofuranosyl- 
5-f luorouracil 



2 ' -p-L-deoxy 

ribofuranosyl 

adenine 

2 ' -p-L-deoxy 

ribofuranosyl 

hypoxanthine 



169.8 


HT29 


80.9 


OM-1 


44.7 


104 


HT29 


01 . / 




MCF-7 


66.9 




OM-1 


66.7 




SKLU 


83.9 


158.9 ' 


COLO320 


67.0 




HT29 


72.2 




OM-1 


37.6 




CVT TT 


72 4 


112.5 


HT29 


78.7 


OM-1 


. 30.8 


79 . 4 


CALU 




91.2 


OM-1 


50.9 


118.4 


LULUj £ U 


68 1 

V O . a. 




93 4 




MCF-7 


96.8 




OM-1 


87.3 




SKLU 


82.5 


97.4 


HS578T 


66.6 


OM-1 


83.1 




SKLU 


45.1 


108.8 


COLO320 


19.6 




HT29 


42.5 




MCF-7 


86.9 




OM-1 


85.2 




SKLU 


86.2 


64.9 


CALU 


28.9 


109.6 


OM-1 


83.1 



>10 
0.097 



85.2 
16.6 
62.9 
32.5 

57.4 
30.4 
6.5 
38.2 

>10 
0.094 

0.623 



4.2: 



17.9 
>10 
38.1 
82.7 
48.1 



17. 
42. 

8, 



6.56 
8.46 
60.7 
56.1 
59.9 

0.69 



>10 



The data presented in Table I are compared to results achieved with 
5-FU as the control. All compounds were dosed on an equimilimolar 
basis. Inhibitory concentration (IC 50) is defined as the 
concentration retired to kill 50% of the untreated cancer cells. 
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Although the IC 50 of certain of the compounds listed in Table 1 may 
be higher than that for 5-FU (the control), the compounds of the 
present invention are generally less toxic to normal cells such as 
bone marrow or fibroblasts. This implies that the compounds of the 
present invention may have advantages over known cancer therapies as 
the claimed compounds may be less toxic and/or more selective for 
the tumor cells, thereby causing less serious side effects. 
Additionally, because of their lower toxicity to nonnal cells, it is 
anticipated that the present compounds may be dosed at a higher rate 
to selectively increase toxicity to the cancer cells. In this 
regard, a therapeutic ratio for a given compound is typically 
determined by the following calculation. 

i mrvi™* 1 bane i? arrov; 

% survival tumor 
A therapeutic ratio of <80% is considered active. 

rn y-iw, evaluation . . reste d 

Representative compounds of the present invention are being tested 
in a variety of preclinical tests of anti-cancer activity which are 
indicative of clinical utility. For example, certain compounds w. 11 
be tested ir. vivo against human tumors xenografted into nude mace, 
specifically E16, MX-1 and P3B6 Leukemia tumor lines were used. 

B6D2F1 mice receive i.p. inocula of B16 murine melanoma brei 
prepared from B16 tumors growing s.c. in mice (day 0) Or . day 1 
tumored mice are treated with drugs or vehicle control; the drugs, 
route of drug administration and schedule are selected as 
appropriate for the study in question. If dosing information for 
. agents is not available, the maximum tolerated dose (MID) is 
determined in initial dose-finding experiments in non-tumored mice. 
In a typical experiment, drugs are given at their MTD and 1/2 MTD 
doses i.p. on a daily x 5 schedule. 
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The mean survival times of all groups are calculated and results are 
expressed as mean survival of treated mice/mean survival of control 
mice (T/C) x 100. A T/C value of 150 means that the treated group 
lived 50% longer than the control group; this is sometimes referred 
to as the increase in life span, or ILS value. 

Mice that survive for 60 days are considered long term survivors, or 
cures, in the B16 model. The universally accepted cut-off for 
activity in this model, which has been used for years by the NCI, is 
T/C=125. Conventional use of B16 over the years has set the 
following levels of activity: T/C<125, no activity; T/C=125-150. 
weak activity-; T/C=150-200, modest activity; T/C=200-300, high 
activity; T/C>300, with long term survivors' excellent, curative 
activity . 

Statistics are performed or. the data using primarily the log rank f- 
value test. 

This test is conducted in exactly the same way as the B16 test. The 
tumor inoculum, is prepared by removing ascites fluid containing P388 
cells from tumored DBA .'2 mice, centrifuging the cells, and then 
resuspending the leukemia cells in saline. Mice receive 1 x 10* 
P366 cells i.p. or. day 0. 

MV-1 V.um ar. Breagt Tutnr.r Xenograft 

Nude mice are implanted s.c. by trocar with fragments of MX-1 
mammary carcinomas harvested from s.c. growing MX-1 tumors in nude 
mice hosts. When tumors are approximately 5 mm x 5 mm in size 
(usually about ten days after inoculation) , the animals are pair- 
matched into treatment and control groups. Each group contains 10 
tumored mice, each of which is ear-tagged and followed individually 
throughout the experiment . The administration of drugs or vehicle 
begins the day the animals are pair-matched (day 1). The doses, 
route of drug administration and schedule are selected as 
appropriate for the study in question. If the MTD dose of an agent 
is not known, it is determined in an initial dosing experiment in 
non- tumored mice. In a typical experiment, drugs are given at thei: 
MTD and 1/2 MTD doses i.p. on a daily x 5 schedule. 
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The experiment is usually terminated when control tumors reach a 
size of 2-3 g. Mice are weighed twice weekly, and tumor 
measurements are taken by calipers twice weekly, starting on day 1.. 
These tumor measurements are converted to mg tumor weight by a well- 
known formula, and from these calculated tumor weights the 
termination date can be determined. Upon termination, all mice are 
weighed, sacrificed, and their tumors excised. Tumors are weighed 
and the mean tumor weight per group is calculated. In this model, 
the mean control tumor weight /mean treated tumor weight x 100% (C/T) 
is subtracted from 100% to give the tumor growth inhibition (TGI) 
for each group. 

Some drugs cause tumor shrinkage in the MX-1 model. With these 
agents, the final weight of a given tumor is subtracted from its own 
weight at the start of treatment on day 1. This difference divided 
by the initial tumor weight is the % shrinkage. A mean % tumor 
shrinkage can be calculated from data from the mice in a group that 
experienced KM- I regressions. If the tumor completely disappears in 
a mouse, this is considered a complete regression or complete tumor 
shrinkage. If desired, mice with partial or total tumor regressions 
can be kept alive past the termination date to see whether they live 
to become long term., tumor-free survivors. 

Statistics are performed on the data using primarily the log rank p- 
value test . 

Protocols for HXV-1 Inactivation Studias 

General protocols for the testing of compounds in in vitro antiviral 
screens are disclosed in the following references: 

1) Perez, V.L., Rowe, T. , Justement, J.S., Butera, S.T., June, 
C.H. and Folks, T.K. , An HIV-l-inf ected T cell clone defective 
in IL-2 production and Ca*; mobilization after CD3 stimulation, 
J. awnunc:. 147:3145-3148, 1991. 

2) Folks, T.K. , Justement, J., Kinter, A., Dinarello, C. and 
Fauci, A.S., Cytokine- induced expression of HIV-1 in a 
chronically infected promonocyte ( cell line, Science 238:800- 
802, 1987. 



41 



WO 96/13512 PCT/US95/13716 



2) Folks. T.M.. Clouse. K.A.. Justemer.t , J.. Rabson, A.. Duh, E.. 
Kehrl. J.H. and Fauci. A.S.. Tumor necrosis factor a induces 
expression of human immunodeficiency virus in a chronically 
infected T-cell clone. Proc. Natl. Acad. Sci . USA 86:2365- 
2368. 1989. 



4) 



Clouse, K.A.. Powell, D. . Washington, I.. Poli, G.. Strebel, 
K.. Farrar, W., Barstad. P.. Kovacs, J.. Fauci, A.S. and 
Folks. T.M., Monokine regulation of human immunodeficiency 
virus-1 expression in a chronically infected human T cell 
clone. J. Immunol. 142:431-438, 1989. 

1. inaetivation o£ emll-trmm HXV-1. 

Cell-free HIV-1 stocks are derived from culture supernatant* of H-< J 
human T cells chronically infected with the HTLV-IIIB strain of HIV- 
1. Other HIV-1 strains including the MN and some African strains 
may be used later for confirmatory purposes. 

a) C£llzlZ&g HTT.V-IIIB: 

Cell-free HIV-1 {5 x 10- to 1 x 10' TCID 50 /ml, or median tissue 
culture infectious dose) is either left untreated, or treated 
with RPKI 1640 culture medium, or with different 
concentrations of antivirals for various time intervals at 
ITC or at a temperature to be determined. After incubation, 
the treated and untreated stocks are added to 5 x 10* washed 
and pelleted target MT-4 cells. After 1 h incubation at 37°C. 
the MT-4 cells are washed three times with RPMI 1604, 
resuspended in RPMI 1640 supplemented with 15% fetal bovine 
serum (FBSI . and cultured in a 5% CO, humidified incubator at _ 
37°C. Cell viability is determined on day 7 of culture by the 
addition of the 3- (4 . 5-dimethyl-thiazol-2-yl ) -2 , 5- 
diphenyitetrazolium bromide (WIT) dye, which changes in color 
in the presence of live mitochondria. All determinations are 
done in triplicates. 

b) TV-fr*" ■ 1 *- CSF: 

In addition to assessing the effects of antivirals on a lab 
strain of HIV-1 (HTLV-IIIB) . it is also important to determine 
antiviral effects on a primary isolate of HIV-1 (JR-CSF) , 
which only infects primary human peripheral mononuclear ceils 
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(PBMCs). Human PBMCs activated with ^°^ glUti ™* . 
(PHA. Sigma Chemical Co.) are prepared by cultunng PBMCs » 
RPMI 1640 culture medium supplemented with 10% FBS (complete 
med ium) and 2.0ug of PKA/ml for 1 day before used in 
infectivity studies. HIV-1 (JR-CSF) untreated or treated a 
ab ove are added to PHA-activated human PBMCs and incubated i far 
1 h at 37°C. After incubation, 1.0 ml of complete RPMI 16*0 
culture medium is added to the cells. Culture ^ ata "" 
Ire collected on days 3. 6 and 9 of culture, and the amounts 
of HIV-1 P 24 core protein are determined in triplicate by the 
HIV-1 P 24 antigen capture assay (Coulter Immunology, FL. or 
NEN-DuPont , Wilmington, DE) . 

2 loaetivation of e.ll-»»»oeiat.d KIV-1. 

„ V-l-infected human cells to be used include the ^onically 
• u q foVic (HTLV-IIIB or MN strains), and human PBMCs 
infecteo H-9 cells (HTLV n» HTLV-IIIB and MN infected 

infected with HTLV-IIIB or with JR-CSr. HTLV I lie an 

L !4 n ., are available from various laboratories including 
thos/usted'in che references cited above. For infected human 
PBKCs. fresh human PBMCs are obtained from normal volunteers and 
stiir-ated with PHA, then infected with HTLV-IIIB or JR-CSF, as 

: ab ve. on day l after in vitro infection, infectivity is 
che^by testing for the presence of HIV-1 P 24 in the culture 
s U ~*. -its. infected cultures are divided in e^al .Ixquot^ One 
se-"- ^ treated with antivirals at different concentrations £o. 
Z'^ "time intervals, whereas one set is left untreated Culture 
su^-a-er.-.s collected on days 3, 6 and 9 of culture will be 
assessed for HIV-1 p24 levels by the P 24 antigen capture assay kit. 
C e s these cultures can also be used in immunofluorescence 

(IF, studies to determine the percentage of cells expressing HIV-1 



ar.iiger. is) 



^ wTv-l latently infactad call*. 

These assays .re desisn.d to study the effect, of antsvsr.1. on H» 
Watently infected cells. One or *ore of toe following HIV-1 
latently infected hu»ar. cell lines can be used WW. Ul /HIV and 
ACH-2 obtained fro* the NIH AIDS Research and Re. 8 ent Wbw. 
Pro S r«r.. RocKville. MD, . These cells are characterised by HIV-1 
infection without sigr.i£icant HIV-1 viral replication unless they 
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are stimulated with different cytokines which results in a 10 - 100 
fold increase in HIV-1 replication. Jl-1, or Ul/HIV, or ACH-2 cells 
are seeded in 96-well round-bottom tissue culture plates to give 5 x 
10-/well in RPMI 1640 supplemented with 15% fetal bovine serum 
(FBS) . The cells are either left untreated or treated with 
different concentrations of antivirals for various time intervals. 
Subsequent to treatment, treated and untreated cells are washed 
three times in RPMI 1640 and are stimulated as follows. 

The Jl-1 cells are stimulated with 1000 U of i tumor necrosis factor 
(et-TNF. Genzyme) for 48 h at 37°C as previously described (Reference 

1) . 

The Ul /HIV-1 cells are stimulated with 20% - 40% PHA-culture 
supernatant (Electronucleonics) for 48 h at 37°C (Reference 2) . The 
PKA-supernatar.t will either be purchased from Electronucleonics or 
will be prepared in our laboratory. To prepare PHA- supernatant , 
normal human PBMC will be cultured at a cell density of 10* cells/ml 
in RPKI 1640 supplemented with 15% FBS and 10 pg/ml of 
phytohemagglutinin A (PKA, Sigma Chemical Co.). The culture 
supernatant will be harvested, filtered through a 2 urn filter and 
used tc stimulate the Ul/HIV cells as described above. 

The ACH-2 cells will be stimulated by addition of 1.0 uM of phorbal 
12-myristate 13 acetate (PMA, Sigma Chemical Co.) for 48 h at 37°C 
as described (References 3 and 4 above) . At the end of the 
stimulation period, culture supernatants are collected and HIV-1 
expression is assessed by the HIV-1 p24 antigen capture ELISA 
(DuPont) and by the reverse transcriptase (RT) . 

In inactivaticn cf cell-associated HIV-1 experiments, the treated 
and untreated cells could also be submitted to PCR analysis. 

4. Inhibition of HXV-l-induc«d syncytium formation* 

HIV-l-infected H-9 cells are left untreated or treated with 
antiviral as described above. Treated and untreated cells (5 x 10* 
cells /well) are added to 96-well flat-bottom microtiter tissue 
culture plates containing 1 x 10 ; indicator SupTl human T cells /well 
in complete RPMI 1640 culture medium. Following overnight 
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incubation at 37°C, syncytium formation is scored by two independent 
people using an inverted microscope scope. 

5. Cytotoxicity •tudi«« . 

The cytotoxicity of the antivirals can be tested on a variety of 
cell types. All of the cell lines used above and normal human PBMCs 
are incubated with different antiviral concentrations for various 
time intervals as described above. Cytotoxicity is determined by 
the MTT dye method (see above) and by ' [ 3 H] thymidine uptake and 
scintillation counting. 

noaacy an d fonmilation 

The antitumor compounds (active ingredients) of this invention can 
be administered to inhibit tumors by any means 1 that produces contact 
of the active ingredient with the agent's site of action in the body 
of a mammal. They can be administered by any conventional means 
available for use in conjunction with pharmaceuticals, either as 
individual therapeutic active ingredients or in a combination of 
therapeutic arrive ingredients. They can be administered alone, but 
are generally administered with a pharmaceutical carrier selected on 
the basis of the chosen route of administration and standard 
pharmaceutical practice. 

The dosage administered will be a tumor- inhibiting amount of active 
ingredient and will, of course, vary depending upon known factors, 
such as the pharmacodymanic characteristics of the particular active 
ingredient and its mode and route of administration; age, health and 
^ weight of the recipient; nature and extent of symptoms; kind of 

concurrent treatment, frequency of treatment and the effect desired. 
Usually a daily dosage (therapeutic effective amount or cancer- 
inhibiting amount) of active ingredient can be aiout 5 to 400 
milligrams per kilogram of body weight. Ordinarily, 10 to 200, and 
preferably 10 to 50, milligrams per kilogram per day given in 
divided doses 2 to 4 times a day or in sustained release form is 
effective to obtain desired results. 

Dosage forms (compositions) suitable for internal administration 
contain from about 1 milligram, to about 500 milligrams of active 
ingredient per unit. In these pharmaceutical compositions the 
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active ingredient will ordinarily be present in an amount of about 
0.05 - 95% by weight, based on the total weight of the composition. 

The active ingredient can be administered orally in solid dosage 
forms such as capsules, tablets and powders, or in liquid dosage 
forms such as elixirs, syrups and suspensions. It can also be 
administered parenterally , in sterile liquid dosage forms. 

Gelatin capsule's contain the active ingredient and powdered carriers 
such as lactose, sucrose, mannitol. starch, cellulose derivatives, 
magnesium' stearate, stearic acid, and the like. Similar diluents 
can be used to make compressed tablets. Both tablets and capsules 
can be manufactured as sustained release products to provide for 
continuous release of medication over a period of hours. Compressed 
tablets can be sugar coated or film coated to mask any unpleasant 
taste and protect the tablet from the atmosphere, or enteric coated 
fcr selective disintegration in the gastrointestinal tract. 

Liquid dosage forms for oral administration can contain coloring and 
flavoring to increase patient acceptance. 

in general, water, a suitable oil, saline-, aqueous dextrose 
(glucose), and related sugar solutions and glycols such as propylene 
glyccl or polyethylene glycols are suitable carriers for parenteral 
solutions. Solutions for parenteral administration contain, 
preferably, a water soluble salt of the active ingredient, suitable 
stabilizing agents and, if necessary, buffer substances. 
Antioxidizing agents such as sodium bisulfate, sodium sulfite or 
ascorbic acid, either alone or combined are suitable stabilizing 
agents. Also used are citric acid and its salts, and sodium EDTA. 
In addition, parenteral solutions can contain preservatives such as 
benzalkonium chloride, methyl- or propyl -paraben and chlorobutanol . 

Suitable pharmaceutical carriers are described in Remington's 
Pharmaceutical Sciences, Mack Publishing Company, a standard 
reference text in this field. 

Useful pharmaceutical dosage forms for administration of the 
compounds of this invention can be illustrated as follows. 
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Capsules- Capsules are prepared by filling standard two-piece hard 
aelatin capsulates each with 100 milligram of powdered active 
ingredient, 175 milligrams of lactose. 24 milligrams of talc and 6 
milligrams magnesium stearate. 

Soft Gelatin .Capsules: A mixture of active ingredient in soybean 
oil is prepared and injected by means of a positive displacement 
pump into gelatin to fonn soft gelatin capsules containing 100 
Milligrams of the active ingredient. The capsules are then washed 
and dried. 

! 

Tablets: Tablets are prepared by conventional procedures so that 
the dosage unit is 100 milligrams of active ingredient. 0.2 
milligrams of colloidal silicon dioxide. 5 milligrams of magnesium, 
stearate, 275 milligrams of microcrystalline cellulose, 11 
milligrams of cornstarch and 98. B milligrams of lactose. _ 
Appropriate coatings may be applied to increase payability or to 
delay absorption. 

injectable: A parenteral composition suitable for administration by 
injection is prepared by stirring 1.5% by weight of active 
ingredients in 10% by volume propylene glycol and water. The 
solution is made isotonic with sodium chloride and sterilized. 

Suspension: An aqueous suspension is prepared for oral 
administration so that each 5 millimeters contain 100 milligrams of 
finely divided active ingredient, 200 milligrams of sodium 
carboxymethyl cellulose, 5 milligrams of sodium benzoate. 1.0 grams 
of sorbitol solution U.S. P. and 0.025 millimeters of vanillin. 

in the present disclosure it should be understood that the specified 
materials and conditions are important in practicing the invention 
but that unspecified materials and conditions are not excluded so 
long as they do not prevent the benefits of the invention from being 
realized . 
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What Lb daisad: 

1, A compound of the formula: 




or a pharmaceutical^ acceptable salt thereof, 

wherein: 

B is a naturally-occurring nucleobase (A, G, C, 
U.hypoxanthine or T) or a modified base comprising one or 
more substitutions selected from the group consisting of 
H. halogen, C1-C6 alkyl. C2-C6 alkenyl. C1-C6 alkoxy, C3- 
C6 cycloalkyl-Cl-C6 alkoxy. C3-C8 cycloalkyloxy . C3-C8 
cycloalkylthio, C1-C6 alkylthio. a substituted amino 
group, an aryl, aralkyl. aryloxy, aralkoxy, arylthio. 
aralkylthio, a heterocyclic ring and an amino group, 
provided that when the base is a pyrimidine, the atom at 
position 4 of the base can be sulfur and further provided 
that when the base is a purine, the atom at position 6 of 
the base may be sulfur; 

* is H, COR 4 . P(0)„R«R,, or S0 3 H (wherein R s is alkyl of 1- 
5 carbon atoms or an aromatic ring structure, R« and R, 
are each H or alkyl of 1-5 carbon atoms and n is 2 or 3) ; 

R, and Rj are independently H, halogen, mono- or di- 
difluro, OR, or B (wherein R, is H, COR,, P(O)«R i0 Ru 
(wherein R, is H,, substituted or unsubstituted alkyl of 
1-5 carbon atoms or a substituted or unsubstituted 
aromatic ring structure. R l0 and R„ are each H or alkyl of 
1-5 carbon atoms and m is 2 or 3)), provided that when R : 
is OH, Rj and B can combine to form a 5- membered cyclic 
ring structure; 
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r, and R 4 are independently B. H or OR i: (where R„ is H. 
COR,,. PtOJpR^ (wherein R„ is substituted or 
unsubstituted alkyl of 1-5 carbon atoms or a substituted 
or unsubstituted aromatic ring structure. R M and R 1S are 
each H or alkyl of C1-C5 carbon atoms and p is 2 or 3)1, 
provided that : 

only one of R 3 -R 4 can be B; 

when R=H, R 3 =OH. R,=H. R 3 =H and R 4 =B. then B cannot 
be U, C, T, 5-FU, hypoxanthine , A or G; 

when R=H, R.-OH. R 3 =OH. R 3 =B and R 4 =H, then B cannot 

be C; 

when R-H. R s -0H. R ; =OK, R 3 =H and R 4 =B. then B cannot 
be 5-FU. C. U, A or hypoxanthine; 

when R-H. R-OH, R : =H, R 3 *B and R 4 =H. then B cannot 
be 5-FU, A, C, G, T. U or hypoxanthine; 

when R-H. R-H. R : .H. R 3 =B and R 4 =H, then B cannot be 
A. C, G , T. U. 5-FU, or hypoxanthine; and 

when R-H. R 3 =K. R : -H. R 3 =K and R 4 =B. then B can not 
be A, C, G , T. U, 5-FU or hypoxanthine. 

2 . a compound of Claim 1 wherein R 3 is defined as B and R 4 is H. 

3. A compound of Claim 1 wherein R 4 is defined as B and R 3 is H. 

4 A compound of Claim 1 wherein B is a nucleobase selected from 
the group consisting of C, T. U. 0. A, hypoxanthine. 6- 
thioguanine, 4-thiouracil and 5-f luorouracil . 

5. A compound of Claim 1 wherein R is H. 

6 . A compound of Claim 1 wherein R : and R 2 are each independently 



H cr OK. 
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7. a compound of Claim 6 wherein R 2 is OH and combines with B tc 
form a 5-membered cyclic ring. 

8. A compound of Claim 1 wherein R 3 is B; B is a nucleobase 
selected from the group consisting of C. T, U, G. A, 
hypoxanthine. 6-thioguanine, 4-thiouracil and 5-f luorouracil ; 
R is H ; Rj and Rj are each independently H or OH; and R 4 =H. 

9. a compound of Claim 1 wherein R 4 is B; B is a nucleobase 
selected from the group consisting of C, T, U, G, A, 
hypoxanthine, 6-thioguanine, 4-thiouracil and 5-f luorouracil; 
R is H; R : and R 2 are each independently H or OH; and Rj=H 

■10 The compound of Claim 1 which is selected from the group 

consisting of a-L-ribof uranosyluracil ; 1- (2 , 3 . 5-tri-O-benzoyl 
a-L-ribofuranosyl) -4-thiouracil; a-L-ribofuranosyl-4- 
thiouracil ; 1- (3 . 5-di-0-benzcyl-2-deoxy-p-L-ribofuranosyl) -4- 
thiouracil; 2 ■ -p-L-deoxyribofuranosyl-4-thiouracil ; a-L- 
ribof uranosyl-5- f luorouracil ; p-L-ribofuranosylguanine; p-L- 
ribofuranosyl-6-thioguanine; or a pharmaceutically acceptable 
salt thereof. 

11. A pharmaceutical composition comprising a pharmaceutically 
acceptable carrier and a therapeutically effective amount of 
one or more of the compounds of Claim 1 . 



A pharmaceutical composition comprising a pharmaceutically 
acceptable carrier and a therapeutically effective amount of 
one or more cf the compounds of Claim 10. 

13. A method of creating cancer in a mammal, the method comprising 
administering to a mammal bearing a cancer, a cancer- 
inhibiting amount of a compound of the formula: 
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or a pharmaceutical^ acceptable salt thereof, 

Wher Tis a naturally-occurring nucleobase (A, 0. C. D. 

or T) or a modified base comprising one or 

H halogen. C1-C6 .lkyl. «-« .!*«*». «-« alkoxy. « 
C6 cycle.!**!-"-" C3-CB eycloalKylo*,, «-C8 

c^oIllcyuLo. C1-C6 alKylthio. . «b.tit«ad ~» 

IralLlthio, • h.t.rocyclic ring and « amino 

artinyjm ■ pyriaAdine. the atom at 

provided that when^h ba» » £ ^ ^ 

position 4 of the base can pos ition 6 of 

that when the base is a purine, the atom at pos 
the base may be sulfur; 

. is H. CO*,. « *°,H «— »• 11 ^ ° £ £ 

carbon atons or an arctic ring ««»» ; ^ ^ ! 
each H or .IKyI of 1* «*« » toM ^ " « 2 ° r 31 ' 

K, end R, ara independently H, halo,^ « ' 

difluro. OR. or B (wherein R, i. H. COR, N«M, 

.wherein R. i. «,. or — *» t ^**^ 

1 . 5 carbon or a .ubstituted or ^ub.t.tut.d 

erotic ring structure. R„ and Rji «• «* " " ^2. R- 
X.5 carbon atoms and . i. 2 or 3. ) . ^ *" 

is OH. F) and B can carina to form a 5-^r.d oycUc 

ring structure; 
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R 2 and R< are independently B, H or OR ;2 (where R ;2 is H, 
COR ;J , P(0) P R 14 R 1S (wherein R i3 is substituted or 
unsubstituted alkyl of 1-5 carbon atoms or a substituted 
or unsubstituted aromatic ring structure, R 14 and R :i are 
each H or alkyl of C1-C5 carbon atoms and p is 2 or 3)) 
provided that only one of Rj-R 4 can be B. 

14. A method of treating cancer in a mammal, the method comprising 
administering to a mammal bearing a cancer, a cancer- 
inhibiting amount of a compound of Claim 10. 

15. An anhydride derivative of a compound of Claim 1, selected 
from the group consisting of 2-amino-a-L-ribofurano 

[1* . 2 ' :4, 5]oxa2oline, and O 7 , 0 2 -anhydro-l-a-L-ribofurano- 
syluracil . 

16. A method of treating cancer in a mammal, the method comprising 
administering to a mammal bearing a cancer, a cancer- 
inhibiting amount of a compound selected from the group 
consisting of 2-amino-a-L-ribofurano [1 \ 2 ' : 4 , 5] oxazoline, 

0 : , 0 : -anhydro-l-a-L-ribofuranosyluracil and O ? ,0 2 '-anhydro-l-a- 
L-ribcf uranosyl uracil. 
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